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(54) Title: CONTROLLER FOR AGRICULTURAL SPRAYERS 



(57) Abstract 



A controller for agricultural 
sprayers utilises a detector (23, 123, 
148) to generate red, blue and green 
colour signals across a field of view. 
The colour signals are used to gener- 
ate a 'its green' , or 'not green' out- 
put to switch a spray nozzle (13) on 
detection of something deemed to be 
green. The algorithm which deter- 
mines if there is something which 
is 'green', rather than 'not green', 
looks at the level of the green com- 
ponent over the red and blue compo- 
nents in the colour signal and if both 
are exceeded then the decision is that 
it is 'jgreen'. The level of green over 
each of red and blue can be com- 
pared against preset values to deter- 
mine the'green', 'not green' output. 
The level of green can be established 
by summing pixel by pixel over an 
area within the field of view under 




consideration to see if the sum for 
the area exceeds a set level to de- 
cide Jhat the area is 'green' and requires spraying. 



CONTROLLER FOf^3RICULTURAL SPRAYERS 6 
FIELD OF THE INVENTION 



THIS INVENTION relates to agricultural sprays used to spot spray weeds and 
the like. In particular the invention relates to a controller by which the spot 
sprays are selectively activated on determination of the existence of a weed. 

BACKGROUND ART 

AU-B-37775/89 (618377), the Australian national phase of 
PCT/AU-89/00267 (WO-89/1 2510), The Minister for Agricultural and Rural 
Affairs of the State of New South Wales, discloses a controller for 
agricultural sprayers where sensors measure the irradiance and radiance (or 
irradiance and reflectance) of a target area in two bands (eg. red and near 
infra-red) of the electromagnetic spectrum. The measurements are used to 
control the spray. Control involves a determination of the relationship 
between the ratios of the radiance (or reflectance) to the irradiance in each 
band respectively. The major flaw in this system is that it does not cope 
with changing light conditions or partly shaded areas in the viewing area. 
Further it does not provide a size selection function. The plant or weed size 
at which the controller acts is not able to be adjusted. 

Colour analysis is the basis of a variety of discrimination systems operating 
in a range of circumstances. Examples are seen in US 4653014 (Omron) 
and US 4797738 (Tohken). These operate with video signals, operating on 
components therein to establish the existence of a target condition. In 
Omron there is seen a totally digital system which uses the R/S, G/S, and 
B/S signals (where S = R + G + B and R, G, and B are the red, green and blue 
components of the video signal). This system defines specific colour by 
analyzing its three signals with reference to upper and lower limits. In 
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1 Tohken the signals Y (luminance), R-Y and B-Y are compared each with two 

2 limit values and analysis determines specific colour. Neither of these 

3 systems enables use with sprays in the field where an area which is 

4 predominantly green, a weed or other target plant, is to be found in an area 

5 of another colour, usually colours such as brown which return a green 

6 component in a camera output. 
7 

8 OBJECT OF THE INVENTION 

9 

10 It is an object of the present invention to provide a controller for agricultural 

1 1 . sprays, which controller is able to function at normal operational speeds and 
1 2 under varying light conditions, to efficiently locate weeds and other target 

1 3 plants in the field. Other objects and advantages will hereinafter become 

1 4 apparent. 
•15 

16 BRIEF SUMMARY OF THE INVENTION 
17 

1 8 In one aspect, the present invention resides in an agricultural spray controller 

1 9 by which detection of plants on a surface being treated is effected so as to 

20 enable the spot application thereto of a spray, said, spray controller 

21 comprising: 
22 

23 a spray activation means whereby to action a spray device to effect the 

24 spraying of a plant; 
25 

26 a control means for delivering a signal to the spray 'activation means to 

27 effect spraying on detection of a plant; 
28 

29 a detector generating a colour video signal provided in the control means for 

30 viewing an area of the surface to be treated and generating an output 

31 representative of the field of view; and 
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1 control circuitry in^^ control means coupled to the^fcput of the detector, 

2 said control circuitry analyzing the detector output and generating said 

3 control signal depending on the detection of a plant; 
4 

5 the control circuitry determining the existence of a plant by examining the 

6 colour components of the video signal, noting pixels which are 

7 predominantly green, and generating the control signal when the number of 

8 predominantly green pixels in an area of the field of view indicates the 

9 existence of a green plant. 
10 

1 1 Evaluation of various plants of interest and their typical backgrounds (soil, 

1 2 rock, stubble, etc) has shown that green foliage has a Green content higher 

1 3 than the Red and Blue content. The same also holds true for the so called 

1 4 colour difference signals, typically denoted as R-Y, B-Y, and G-Y, where Y. 

1 5 is luminance. There are some advantages to working with the colour 

1 6 ' difference signals. The first is that by using the difference signals the 

1 7 effects of ambient light levels can be largely ignored. A second advantage is 

1 8 that CCD cameras with colour difference outputs are more likely to be 

1 9 available. In the ensuing discussion where the system is described without 

20 specific reference to luminance either form of signal can be worked with and 

21 the alternate form will be readily implemented by the person skilled in the 

22 art, there being no special skill required to make the adaptation required to 

23 enable use of one rather than the other. 
24 

25 The existence of the green colour of a target weed in the output RGB colour 

26 signal of a camera might be determined by a number of processes. 

27 ' ' 

28 In one form of the invention the Green component of the RGB signal is 

29 compared separately to both of the Red and Blue components and if it 

30 exceeds both then an 'its green' decision can be made. In a preferred form * 

31 of this type of controller a suitable selectable offset (setting the level by 
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1 which the level of green is to exceed the level of red and/or blue) can be 

2 introduced so as to allow for different degrees of green of the weeds being 

3 treated. To determine if. any pixel is green or not green, a simple analog 

4 comparison can be made between instantaneous R-Y and G-Y signals and 

5 also the instantaneous B-Y and G-Y signals. If in both cases the G-Y signal 

6 is greater, the pixel can be considered to be green. 
7 

8 In a preferred form of the invention the green state of a pixel is determined 

9 by operation of an algorithm wherein a pixel is deemed to be green when 

I 0 both of G > R and B < a set threshold for the blue component applies. This 

I I algorithm is preferable to the G > R and G > B algorithm above when the 

1 2 electronics to implement it is likely to be noisy and false green decisions are 

1 3 being returned. This is useful in low light conditions when present 

14 commercially available CCD cameras are in use. In this situation there is a 

1 5 component of noise present on the camera output signals. It has been 

1 6 found better to compare the B-Y signal to fixed reference voltage slightly 

1 7 offset from the signal level for black. This yields much better noise 

1 8 immunity while still providing a valid implementation of the above algorithm, 

1 9 since for a 'green' pixel the R-Y and B-Y signals are generally below the 

20 black signal level. 

21 

22 The detector can be any camera generating a colour output and typically it 

23 can be based on use of solid state devices such as charge coupled devices 

24 (CCD). The intensity of light which the device is to work with can vary 

25 considerably in open conditions and performance is enhanced by use of a 

26 hood whose function is to smooth out any marked light variation. 

27 . 

28 The detector and control circuitry which is used in the present invention is 

29 ideally able to locate weeds against a variety of backgrounds such as black 

30 basalt soils, red soils, bare ground, stubble covered ground, rough rocky 

31 ground, changing light conditions, etc. It is found that a solid state detector 
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1 such as a CCD ba£l detector is best operated slight^out of focus so as to 

2 avoid false triggers which may otherwise arise when traversing ground 

3 having varying characteristics. 
4 

5 The circuitry which operates on the detector's signal is preferably able to 

6 perform its analysis in a short time so as to better typical efficient travel 

7 times of an agricultural spray. This is more readily enabled at lower costs by 

8 means of analogue circuits for processing the detector output. 
9 

1 0 The detector of the invention is used to convert an image of an area which 

1 1 is covered by the spray to a signal stream containing data which is 

1 2 equivalent to a picture frame which, when a solid state device is used 

1 3 typically comprises an array of pixels. The Red (R), Green (G) and Blue (B) 

1 4 components (RGB) of each of the pixels can be operated on to establish the 

1 5 green state of each pixel. A decision to spray might be based on the green 

1 6 state of a set of particular adjoining pixels or alternately the total or summed 

1 7 green component of a set length of a number of successive scan lines can 
1 8 be determined as the basis of the decision. These operations can be 

1 9 performed using either of digital or analogue techniques, or a combination 

20 thereof. The final green state which is calculated, is to determine a result 

21 being either a spray on, or a spray off decision. 
.22 

23 The implementation of the above might be by way of circuitry providing a 

24 largely hardware approach to the problem of when to activate a spray or it 

25 might involve operations performed largely within a processor which is 

26 programmed to perform the desired functions. 

27 J 

28 BRIEF DESCRIPTION OF THE DRAWINGS 

29 . 

30 To enable the invention to be more fully understood, various preferred 

31 embodiments of the invention will now be described with reference to the 
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accompanying drawings, in which: 

FIG. 1 is a schematic plan view of an agricultural sprayer fitted in 
accordance with the present invention; 

FIGS. 2A, 2B and 2C are diagrammatic views of how the field of view of a 
sensor unit may be utilised to advantage in the invention; 

FIG. 3 is a side view showing a spray nozzle spraying a weed detected by 
the sensor unit; 

FIG. 4 is the diagram of a circuit which may be used in a controller in 
accordance with the present invention; and 

FIG. 5 is a circuit diagram showing another form for the circuitry for a 
controller in accordance with the invention; 

FIGS. 6 to 9 illustrate a decision making process as might be implemented to 
determine if a detector output contains a plant to be sprayed. 

DETAILED DESCRIPTION 

The agricultural sprayer 10 is typically comprised of an extended boom, or 
booms supporting a linear array, or arrays of spray heads therealong, which 
boom, or booms, is or are trailed by, or mounted on a ,tractor 1 1 or other 
like type prime mover. Boom 1 2 can be fitted with a plurality of spaced 
apart, individually operable, spray heads comprising spray nozzles 13, 
arrayed therealong and ideally at regularly spaced intervals. The spray 
nozzles 13 can be connected to one or more spray tanks such as spray tank 
14 by suitable pipes, lines or conduits 15, either individually or off a 
manifold. The spray heads may be any of those known in the art. A 
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1 standard valve, as^^ised in the agriculturalspray fie^^an provide the 

2 means whereby a single spray head is able to be selectively operated. Valve 

3 16 selectively allows the flow of spray chemicals from piping 15 to the 

4 nozzles 13, each nozzle 13 being selectively operable by selective activation 

5 of its respective valve under control of a controller connected thereto 

6 typically via a selectively operable activator. This is ideally achieved by 

7 electrical means with the controller switching sprays on via use of solenoids 

8 which open selected valves in the supply line, or lines to activate their 

9 respective spray heads. All of these elements can be chosen frortn amongst 

I 0 a range of readily available, off the shelf lines which will be selected 

II according to standard criteria known to those in the art. 
12 

1 3 A plurality of the detectors can be provided on the boom 12 of FIG. 1 . They 

14 can be arrayed therealong so as to cover the width of ground spanned by 

1 5 the boom. The field of view of a single one of the detectors may be such as 
1 6 to cover the ground beneath a number of adjacent sprays so that a detector 

17 is not required for each spray head. As seen in FIG. 3 a detector, typically a 

1 8 CCD based type detector 1 7 can be mounted in a housing, enclosure or 

1 9 hood 1 8 which is open at its bottom and which is arranged to be passed 

20 over the surface 19, bn which there may be weeds to be sprayed, as the 

21 tractor draws the boom thereover. The surface being treated will typically 

22 be a field being prepared for a new crop, the field being either cleared of the 

23 last crop or having a stubble thereon. The housing 18 can be an opaque 

24 hood which is ideally arranged so as to stop all direct light falling on the 

25 target area and that way causing deep shadows therein. The hood 18 acts 

26 to diffuse light in the target area, the light being that which passes under the 

27 hood, into the field of view of the detector 17. 
28 

29 When a CCD type detector 17 passes over bare soil or stubble, the CCD 

30 therein converts the image below into an output comprising a string of pixels 

31 each characterised by respective RGB components. The controller can then 
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1 determine the greenness of each pixel by manipulations of its components. 

2 The signal which is output by the detector 17 can be examined to determine 

3 , a if the weed covers an area of greater than a preset size. If the green signal 

4 / / exceeds a preset threshold limit at which the spray is to be activated, the 

5 / 1 valve 16 can be. activated to switch flow to the appropriate spray nozzle 13 

6 to spray the weed 24 (see FIG. 3). The circuitry interconnecting the 

7 detector 17 and the nozzles 13 can incorporate a time delay so that the 

8 spray nozzle operates for a preset time so that all of a target weed's area is 

9 sprayed as the boom moves over it. 
10 

1 1 One CCD detector can run a number of spray heads, depending on the width 

1 2 of its viewing area, and generally four is typical. The distance from the 

1 3 camera to the ground is the factor which determines this. For example, if it 

1 4 is desired to use one camera to run six spray nozzles then the camera may 

1 5 be set higher to cover a greater area at the ground (see the comparison 

1 6 shown between FIGS. 2A and 2B). Alternatively it is possible to use a wider 

17 angle lens (comparison shown between FIGS. 2A and 2C). In reference to 

1 8 FIGS 2A, 2B and 2C, 20 is the camera head, 21 is the viewing angle. 

20 The selection of height of the camera and the lens characteristics will ideally 

21 be decided depending on what in field conditions the machine incorporating 

22 the controller is working with, in working with a wheat stubble, an acute 

23 angle lens mounted higher will allow it to look more effectively down into 

24 the stubble whereas in the normal bare fallow, a wider angle lens could be 

25 used to look out further. The screening effect of stubble is enhanced as the 

26 viewing angle decreases and the vertical stalks more effectively hide a small 

27 or flat weed not raised to the same degree above ground level. 
28 

29 The light diffusing hood's dimensions are not at all critical. The dimensions 

30 will be varied to allow it to be fitted to different booms. The hood is 

31 constructed and mounted to keep direct light from the viewing area. 
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If external lighting (feo be used to allow night time o^toation, an even white 
light mounted in the light diffusing hood could be used. 



Referring now to FIG, 4, the output from the CCD 123 is fed through an 
RGB decoder 140 and respective Red, Green and Blue digitizers 141-143 
and then to a frame store 144. In the frame store the RGB components of 
the output of the CCD 123 can be stored in digital form. The information in 
the frame store 144 can be passed via RGB processor 145. to a Green 
discriminator 146 which monitors the level of the Green component using an 
algorithm such as the one described below in greater detail requiring both of 
G > R and G > B to exist in a pixel before it is deemed to be green with some 
consideration of the number of green pixels in an area before the decision is 
made to call^lhe^area in the field of view green and a weed. Alternately the 
^IgoritKrfTWhich is operated can be G>R and B< a set value its described 
elsewhere herein. The discriminator 146 can operate a solenoid driver 147 
which is operably connected to a valve associated with spray nozzle to 
activate it and spray the detected weed. ' 

A size selection section can be employed. This size selection section can be 
used to check the number of green pixels in an area of the target area and if 
their number is above a preset threshold, it can activate the solenoid to 
control the flow of chemicals to the spray nozzle. The threshold could be 
made adjustable so that it can be varied to allow an operator to select the 
size of the plant to be detected. 

The horizontal field of view of a detector can be divided into a number of 
smaller regions to allow a single detector and processing section to control 
multiple valves and associated sprays which can be activated by solenoids 
under control of the controller. 



The digital circuit of FIG. 4 has two areas which add considerably to the 
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1 cost and complexity. The first is that having the digitizers at the output of 

2 the detector means that the amount of data to be stored in the frame store 

3 for a frame of video data is high (of the order of 1 Mbyte) . The second is 

4 that in order to have a reasonable range of colour levels to process, 6 or 8 

5 bit digitizers are required, which for video applications are rare and 

6 expensive. 
7 

8 In the embodiment of FIG. 5, the front end processing can be performed 

9 using analog componentry. In this case, only a 1 bit digitizer is required 

1 0 since the result of the comparison is either "green" or "not green". It should 

1 1 be noted that by using this analog implementation, the memory requirements 

12 in the frame store are eliminated and no expensive digitizers are required. 

13 The digital processing requirements are substantially reduced and the whole 

1 4 system speeded up. 
•15 

16 Where determining the number of adjacent pixels digitally can be complex 

1 7 and expensive. A simpler and cheaper method to operate is one which 

1 8 counts the total number of green pixels in the horizontal lines instead of the 

1 9 number of adjacent green pixels and count adjacent vertical lines. FIG. 5 is 

20 a schematic illustrating the components of a circuit which can be used in the 

21 controller wherein an "is it green" algorithm is implemented at the front end. 

22 The detector 25 outputs its usual RGB components on respective lines 26, 

23 27 and 28 respectively, connected in pairs to comparators with pair 26 and 

24 27 fed to comparator 29 and 27 and 28 fed to comparator 30 which each 

25 produce a logic T (high) when the green component of the detector output 

26 is higher. The respective comparisons are examined by the AND circuit 31 

27 and if both the comparators are logic h 1 " (high) ie, G > R and G > B, then a 

28 green signal, logic "1 " (high). is passed to the one digitizer 32. The level of 

29 Green over Red and Blue can be made adjustable in the comparator circuits 

30 29 and 30 by either enhancing the G signal or retarding the Red and Blue 

31 signals, so as to allow adjustment to take account of weeds with different 
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1 green characteristi^^ If the comparator which deteri^^fes G > B is 

2 disconnected from the green component in the detector output and its 

. 3 comparison is with a set value then the circuit will work with the algorithm 

4 requiring both of G > R and B < the set value to apply. 
5 

6 From the 1 bit digitizer the circuit feeds counters which may be ideally set 

7 up in a microprocessor under software control to implement the further 

8 processing of the detector output. The one bit digitizer increments either 

9 counter 33 or 34 depending on which region is being analyzed, with a 

1 0 programmable threshold therein, and if the number of green pixels in the line 

1 1 of the region being looked at exceeds this threshold then that line is 

12 considered green by storing a logic "1 n in memory. Once all the lines in the 

1 3 region are analyzed and results stored, then the number of green lines are 

14 counted and these also have to exceed a preset threshold (Number) if a 

1 5 spray signal is to be generated. By using this two count method the width 

1 6 and height of a weed is determined. This reduces the amount of memory 

17 required while still providing similar results, at faster speed and as before the 
1 8 • threshold can still be varied to allow selection of the plant size to be 

1 9 detected. For example, if the horizontal field of view of the camera is 

20 divided into four regions, the counting of the "green" pixels can be 

21 performed before any data is placed into the memory resulting in only 4 bits 

22 of data for each horizontal scan by the camera instead of perhaps 640 bits 

23 of data (80 bytes). This represents a reduction in the amount of data to be 

24 processed of over 90%. 
25 

26 The signal generated by the detector typically includes components for the 

27 three colours/ RGB, with each component characterised by both of hue and 

28 luminance. In the above set out front end algorithm, the RGB components 

29 can be the detector's values minus a factor which can be the luminance (Y) 

30 of the camera signal so as to work with pure colour signals. Depending on 

31 which camera is chosen, its output may be signals which are the equivalent 
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1 of colour minus intensity. In the working with the signals R-Y, G-Y and B-Y, 

2 the controller is working with the pure colour components. These signal 

3 levels are. normalised so as to produce more significant ratios at the 

4 comparators 29 and 30. 
5 

6 There are circumstances when the G > R together with G > B principle will 

7 break down. 
8 

9 Extreme intensity variations can adversely affect performance by making a 

I o CCD device for example underexpose or saturate. However, intensity 

I I variations can be smoothed out by use of the above described light diffusing 
1 2 hood. 

13 

1 4 In another circumstance, a specific gold colour has green higher than red 

1 5 even though it is not greenish. This problem might be overcome by seeing 

16 how close to G and R signals are and how close the G and B is. This is 

1 7 because the gold colour has a close G and R and nearly no blue. 
18 

1 9 In yet another circumstance, the CCD camera views dead (golden coloured) 

20 grass and sees the dark area in between the dead leaves with a green hue. 

21 This causes false triggers. As the size of the dark areas are generally small, 

22 size adjustments could be used to cut them out. However, size adjustment 

23 would limit the effectiveness of the size selectability by which a minimum 

24 size of weed to be treated is set. Also, the size of the dark area varies with 

25 changes in brightness during the day. One solution of this problem is to 

26 vary the focus of the camera slightly off normal. This smears out these 

27 particular dark areas to cut the number of false triggers and they can be all 
28. but eliminated. The affect of focus could be reproduced within the 

29 electronics but as this increases complexity, it is best to work within the 

30 camera's focus. Focus is an analogue solution to a problem which might be 

31 worked digitally but at added cost. 
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1 In FIG. 5, the circuit^^h account for when a "green" is straddling the 

2 boundary between two regions in the camera's horizontal field of view. 

3 Since it is customary to set up the spraying equipment to have an overlap 

4 region between adjacent spray nozzles, it is logical that an overlap region 

5 should also exist between adjacent regions in the "green" detection system. 

6 This can be performed as seen in FIG. 5, by utilising two independent 

7 counters 33 and 34 to count the number of "green" pixels, and control 

8 when they start and stop so as to provide an overlap in the counting 

9 regions. This is seen in FIG. 5 wherein separate green pixel counters 33 and 

1 0 34 are switched by a counter controller 35 and their total is compared with 

1 1 a threshold set by variable threshold 36. The counters are synchronised so 
1 2 that counter 33 counts pixels in segment 1 (eg, pixels 0 to 140). Counter 

1 3 34 counts pixels in segment 2 (eg, pixels 120-240). This gives an overlap 

1 4 at pixels 120 to 140 when a weed is straddling this area. Counter 33 then 

1 5 counts segment 3 whilst counter 34 counts segment 4. This is repeated 

1 6 through the range of pixels returned by the camera. Control counter 35 

17 counts the range and resets the "green" counters 33 and 34. 
18 

1 9 As stated above the examination of the detector output to determine the 

20 existence therein of a weed can involve, use of a microprocessor which 

21 performs the algorithm and establishes the green state of an area. FIGS. 6 

22 to 9 show in flow chart form the sequence of operations by which a spray 

23 activation signal might be generated. This is illustrated with reference to the 

24 G > R and G > B version and area calculation based on a scan line approach. 
25 

26 FIG. 6 shows the main process operating with four regions (associated each 

27 with one of four spray heads). On start up at 150 the scan line process 151 

28 (described below in greater detail with reference to FIG. 7) is implemented. If 

29 the first region of a scan line is deemed to be green and the previous scan 

30 line was green in this region, see 153, then counter is incremented at 154 

31 otherwise it is cleared at 157 and the second region is processed (158) in 
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1 the same manner. If the scan line counter for region 1 is incremented at 

2 154 then the count is compared at 155 with a threshold and if it exceeds it 

3 then a solenoid on flag is set at 156 otherwise processing passes to region 

4 two. The forgoing processing is pursued through the third (159) and fourth 

5 (160) regions till the full frame is determined to be completed at 161 . At 

6 this point turn on and turn off times are set for solenoids whose flags are set 

• 

7 and processing passes to the solenoid control process at 1 63 (described 

8 below in greater detail with reference to figure 9. 
9 

I 0 The scan line process at 151 of FIG. 6 is seen in greater detail in FIG. 7. On 

I I starting the scan line process at 1 64 the region process (described below in 

1 2 greater detail with reference to FIG. 8) is implemented. If the last region on a 

1 3 scan line is determined to be processed at 166 then the scan line process 

1 4 exits to the is it green decision process at 152 of FIG. 6 otherwise the scan 

1 5 line process loops. The region process at 165 is seen in FIG. 8 wherein on 

1 6 its commencement at 168 the detector output is examined pixel by pixel. On 

1 7 • receipt of a pixel at 1 69 the algorithm G > R and G > B is implemented at 

1 8 170. If both conditions apply then a green pixel counter is incremented at 

19 171 otherwise and the end of region is tested at 172 with processing looped 

20 to continue if the end of region is not reached. When it is processes 

21 continues with the green pixel count compared to a threshold at 173. If the 

22 threshold is exceeded then a green region flag is set at 174 and processing 

23 passes back to the scan line process. 
24 

25 The solenoid control process is seen in greater detail in FIG. 9. When the 

26 turn on and turn off times have been set for solenoids whose flags are set 

27 (see FIG. 6) the solenoid control process is run. If a solenoid on state is 

28 indicated at 181 the solenoid is energised at 182 and so on through the set 

29 with this program exited at 183 and processing returning to the main 

30 process. At some cycle through the solenoid process a solenoid off state 

31 will be reached to signal that it is time to de-energise for any solenoid which 
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In FIG. 5. the C M t can account for when a "«r»M , ♦ • 
boundary betwJPtwo regions ,„ th P . ° re «> te "t ' s Saddling the 

s - ;t . reQIOnS ,n the ^mera's horizontal field of view 

Since it is customary to set nnthn. • 

ry to set up the spraying equipment to have an ov P rl*n 
region between adjacent spray nozzles it i, . • ■ u P 

should also exist between adilent " ^ 

ween adjacent regions n the "nrppn" 

-is can he P er f orme d as seen jn RG . g fay « * — 

counters 33 and 34 t0 count the numoer of -green" pixel , J 2, 

: ir e ;r and s,op sb as to — - °— * - -ir 

4 r sj^ 5 Wherei " SSParate »~" *- <™ 33 and 

a -^^zrrs 3 r their to,ai - ™ 

34 counts pixels in segment 2 ,eg. pixels ,20-240). This giv^n 
« 120 to 140 when a wee d is s,ra dd ,i„g J. £ 7Z 2 

counts segment 3 whilst counter 34 counts segment 4 Th- 
-u 9 h the range o, pixels returne d by the JTL^ZZZ 

counts the range and resets th* »™ - 5 
y dna resets the green" counters 33 and 34 

below in greater detai, with II J^'"' T* 
»e «rs, region o f a scan line is deemed to hT en and ^f^™' " 
Hne was green in this region see 1B3 ,h» P'ev.ous scan 

otherwise it is cieared at ^ al l ^ ~ S ~"«^ a, ,54 

— -— .. I " d ,h6 Seoond re 8i°n is processed (158) in 
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the same manner. If the scan line counter for reaion i • • 
154 then thp , • region 1 , s incremented at 

(160) regions till the full fr«mn- ^ ( 59) and fourth 

this poin, turn on J r " " " ,0 te C ° mPle,ed at 161 - « 

-a *^3~~g^r ~ ^ — *• '*» are « 

y passes to the solenoid Control process at 1 /r , 

below in greater detail with reference ,o figure 9 . 
The scan line process at 151 of Fir « • 

«™*r d e ta „ with JL^Z™*?*" ^ «"«*- *. 

- - - — to be :^; ^rzi'ir r resion ° n a 

exits to the is it orp^n w • • Can ,,ne P rocess 

me is it green decision process at 152 of Fir « *u . 
line process loops The renin otherwise the scan 

oops. The reg.on process at 165 is seen in FIG 8 who • 
_ its commencement at 1fifl tho a * - - - wherein on . _ 

...... ■»..»«.„„,,, IZL « — 

01 Ine solenoid is eneraispd at 100 

to de-energise for any solenoid which 
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is currently on. 



As hereinbefore described. ,h e circuitry preferably incorporates a time „ , 
so that the snrav r,«-,i„ -i. '^rporaies a time delay 

Some o, the features of , he invention may oe summarised as foiiow, 
.o usethe three R, G, B. signals from the camera (which are three voltages 

<ZZZ£Z " ^ deemSd - - — > R and B 

»«* ta : a ;; e d ;rz,r 9a,ed ,o produ ° e a va,ue *° r - * 

, t; according to the conventional formula- 
Y = 0.30*R + 0.59*G + 0.1 1*B 
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camera. The signal in given as S ' Sna,S fr0m ^ 

Luminance = (o 3* R Pf n . , n cn - ^ 

w.d Hed) + (0.59 Green) + (0.11* B| ue ) 

-our con.ro, is turned , 0 te minimum pos ,,7 * °" * C °'°" ""Won „ tne 
overexposure fc-u^S ^ *"* °' 

: ~r rcr : ei(hsr - - «- - - 

a-ready present in the sysj ! or ^ C ° n,r ° l as *• 

ct™!^:: s ;:rr sys,em ^ ******* 

whether ,o conserve chell 0 ' *"* " *° 



- Prayeciau a XPenseofs „ g ^ h : h 7 ercherni j usage 

2. PHYSICAL MEANS 

Extremes of both underexposure (dark areas) and „ 
light areas) can be reduced to ev,l . ov ^exposure (saturated 

«n in che mi ca, Z '~ ^ *■ - • correspond,, 
a-s and keeps the target — Tw^ h ^ *°» »° ^ 
™e reduced ,eve,s c, l bi ^ " *" dynami ° °< CCD. 
~ contro, compensa : " " *** 
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Claims 

1. An agricultural spray controller by which detection of plants on a surface 
be.ng treated is effected so as to enable the spot application thereto of a 
spray, said spray controller comprising- 

a spray activation means Whereby to action a spray device to effect the 
spraying of a plant; 

a con.ro, means for delivering a signa, to the spray activation means to effect 
spraying on detection of a plant- 

a detector in .he contro, means generating a colour video signa, for viewing an 
a a o , e surface t0 be treated gnd ^ 

of the field of view; and 
control circuitry in the control means coupled to the output o, the detector, said 
control circuitry analyzing the detector output and generating said contro, 
signal depending on the detection of a plant- 
the control circuitry determining the existence o, a plan, by examining the ' 
ccour components noting which pixels are predominantly green and 
generating the contro, signa, when the number of predominant* green 
. P«e,s ,n an area o, the ,ie,d o, view indicates the existence of a green " 

2. An agriculture, spray controiier as claimed in claim 1 wherein the coiour 

exponents of a pixe, are examined and if G > R and B < a se, threshold 
for blue then the pixe, is deemed to be green. 

3. An agricu„ura, spray controller as claimed in ciaim 1 wherein the colour 

components of a pixel are examined and if G > R and G > B then the 
pixel is deemed to be green. 



4. 



An agr,cu„ura, spray contro,,er as Caimed in Cairn 2 or Cairn 3 wherein 
the output of the detector is processed pixe, by pixe, and the number of 
P.xe,s deemed to be green is counted across an area of the fie,d of view 
SUBSTITUTE SHEET (RULE 26) 



19 



to determine the existence of a plan, ,o be sprayed in «ha, area. 

5. Ar , agric^ra, spray controller,* claimed in claim 4 wherein pixels are 
counted across a scan line over the area of the field o, *ew and i, the 
number o, pixeis deemed ,o be 8 reen exceeds a threshold then , e i e is 

e :ir; fte number of scan nnes deemed °™ - — * 

* the too count exceeds a threshoid then a plan, is deemed * exist. 

6. An agricultural spray apparatus for the spot application of a spray to a 

weed or plant comprising: Praytoa ^ 

a spray means whereby to effect the spraying of a weed or plant- j. . ' 

a detector means for viewina a tam»t Jt 

■swing a target area and generating an output 

representative of the targe, area a, an output thereto- 1 1 

3 I" ^ ^ — *" * * -ans to 
cause „ to effect spray,ng on its receipt of the activation signal > , 

16 depending on the detector output; J) ' 

wherein the improvement comprises- 

the detector means' output is characterised by RGB coiour components for 

points within its field of view; ])/ 
the comroi means inciudes contro'r circuitry coupled to the output of the 
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7. An agricultural spray apparatus as ciaimed in claim 6 wherein the detector 
output ,s acted on pixel by pixe , across the field of view and !h 

zni d r -d as ' 9reen ' ° r ,not green ' ,or ~* *» - 

esul, for each p,xe, stored, the stored pixels being summed over 
segments o, the «e,d of view to determine whether to generate the 
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activation signal. 



— .** ;r ;r rr of ,he ,ie,d ° f ** onto * 

o' - spray me ans and e oon 0 nT ^ ^ 3 
se 9 men.s of the field of JZ Separate| y °" 

' s> *- o« the « e jr a r a gx and b,ue (B> sisna,s ' 

12 - A controller for an aaricnit.,r=i « 

** and second T " ^ ^ °'' ,tn " ^ ^ 

processor. n ° t 9reen state by pixel to the 
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determine if an area of nr»« an area basls *> 

area of 9reen exceeds a threshnM 
activation signal. mreshold before producing the 

i* 7-rr.^~-. 

" colour; *** » >W, ,n substance, predominantly green in 
1 5 the method include*; tha -* * 

" the boom carries jT^'^Wl*, 

» -pec, of e L J m L T ^ "** * te b °°- 

operable in res^ZZlT" ** ^ ^ "»»» * 

the method includes the sten of • 

— - c^sr co,our — * , . 

^Z^^::^> ^ «** - issue three ' ' 
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if 



hi 



comparing the Green sional of +h • 6 SCanned of 

,J,etsn signal of the pixel with tha d« ^ • 
signal of the pixel, according to a L S ' 9na ' a " d the Blue 

PW are var iab , e *" ** *~ <° - 

the method includes the sten nf ^ ■ ' 

* a pre2 r : r::~ ~ ° - - 

"green- status or a 'not green" st ! 6m ' n9 piXel ,0 »»» * 

*• method includes the step of a " • , " aC °° rdanCe * the prison; 

the method includes the steo of ,n • ' 

and the method includes the sten i„ r 

l " e sre P> m respect of earh nf th« 
operating the spray head, nf 6 means for 

- - , wti^rrr head to produce the 

"green- or "no, green". ,he Patoh has »» *to 

CUtM Method of Cain, 15, wherein the Red _ h 

*- in , he algorithm are respect^ ££££ G ^ ** " 
signals, termed R G and R h ■ 1 ' Green ' and Bl "e 

' B ' de " Ved *»"> the coiour sensing 
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CLAIM 1 7. Method of claim 1 5, wherein- 
•he method includes the step o, computing the luminance V of the pixel the 
l-nance Y being a function abating al , ^ of the ^ ^ 

and the^d. Green, and Blue signals as used in the algorithm ate R-Y, G-Y, 



CLM ^:z:::::' wherein the a,9ori,hm - - - *» * - ° 

•CLAIM 21. Method of claim 20, wherein in th* fi.M • u. 

area, averaged over the field. ° °' <he scanned 
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